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IXQFWLRQV'XULQJZDONLQJWKHPHFKDQLFDOHQHUJ\ZDVWUDQVIHUUHGIURPOHJWRWUXQNDVVXSSRUWSURYLGHUEXWFRQWUDU\
LWGHOLYHUHQHUJ\WROHJDQGWUXQNZKLOHUXQQLQJ3UHYLRXVO\WKHUHDUHILQGLQJVKRZHGWKDWKXPDQZDONLQJVSHHG
ZLOO FKDQJH WKH PXVFOH¶V DFWLYLW\ WKDW PD\ FDXVH FKDQJHV LQ ORFRPRWRU WDVN GHPDQGV 0RUHRYHU WKH PXVFOH
DFWLYDWLRQSDWWHUQZLOOFKDQJHGXH WR WKHGLIIHUHQWFRQGLWLRQRIZDONLQJ:DONLQJZLWKDLGVXFKDVZDONLQJZLWKD
FDQHRUTXDGVWLFNFRXOGEHFRQVLGHUHGDVWKHUDS\WRVWURNHSDWLHQWVWRDFKLHYHQRUPDOPXVFOHDFWLYDWLRQSDWWHUQV
,Q WKHSUHVHQWGD\HOHFWURP\RJUDSK\(0* LVZHOOHVWDEOLVKHG LQ UHKDELOLWDWLRQSURFHVV(0*LVDQHOHFWULFDO
DFWLYLW\WKDWZLOOEHJHQHUDWHGZKHQLQVWDQFHVRIFRQWUDFWLRQLQERG\PXVFOH1XPHURXVDSSOLFDWLRQVUHJDUGLQJ(0*
LQ YDULRXV ILHOGV KDYH EHHQ XVHG VXFK DV LQ DUHDV RI KXPDQ PRYHPHQW DQG FOLQLFDO QHXURSK\VLRORJ\ 6XUIDFH
(OHFWURP\RJUDSK\6(0*DOORZV WKH UHVHDUFKHUV WRREVHUYH WKHYDU\LQJRIPXVFOHHQHUJ\FRQWLQXRXVO\RYHU WKH
PRYHPHQW DQG LW FRXOG SURYLGH GHWDLOHG LQIRUPDWLRQ UHJDUGLQJ PXVFOH SUREOHPV WKXV WKH WUHDWPHQW DQG
UHKDELOLWDWLRQDSSURDFKPHWKRGZLOOEHLPSOHPHQWHG(0*PD\DLGLQGLDJQRVLQJWKHQHUYHFRPSUHVVLRQRULQMXU\
QHUYHURRWLQMXU\RUDQ\RWKHUSUREOHPVRIWKHPXVFOHVRUQHUYHV%\PRQLWRULQJ(0*SDWWHUQWKHWKHUDSLHVFRXOG
GHWHUPLQHWKHUHOHYDQWJDLWWUDLQLQJWRLQGLYLGXDOVZLWKQHXURORJLFDOLQMXULHVEDVHGRQWKHPXVFOHDFWLYDWLRQSDWWHUQ
GXULQJVWHSWUDLQLQJ7KH(0*DQDO\VLV WKDWZDVUHFRUGHGGXULQJJDLWFRXOGEHXVHGWRHYDOXDWH WKHHIIHFWRIJDLW
F\FOHVHOHFWLRQZKLFKLVFRQVLGHUDEO\LQLGHQWLI\LQJFHUHEUDOSDOV\FKLOGUHQ
7KHUHIRUH WKLVSDSHUSUHVHQWV WKHDQDO\VLVRI(0*VLJQDOVGXULQJZDONLQJRIKHDOWK\FKLOGUHQ7KHDLPRI WKLV
VWXG\LVWRLGHQWLI\WKHORZHUOLPEPXVFOHVDFWLYDWLRQSDWWHUQVGXULQJQRUPDOZDONLQJRIKHDOWK\FKLOGUHQ7KLVSDSHU
ZDVRUJDQL]HGLQWKHIROORZLQJVHFWLRQ6HFWLRQLVWKHPHWKRGRORJ\DGRSWHGIRUWKLVVWXG\WKDWGHVFULEHGWKHGDWD
FROOHFWLRQ SURFHVV DQG DQDO\VLV WHFKQLTXHV 6HFWLRQ  SUHVHQWV WKH UHVXOW DQG GLVFXVVLRQ REWDLQHG LQ WKLV VWXG\
)LQDOO\VHFWLRQZLOOFRQFOXGHWRILQGLQJVIRUWKLVVWXG\

0HWKRGRORJ\

2.1 Data Collection 

,Q WKLV VHFWLRQ WKH GDWD FROOHFWLRQ DQG WKH DQDO\VLV WHFKQLTXHV ZLOO EH H[SODLQHG LQ GHWDLOV 7KH GDWD KDV EHHQ
REWDLQHG IURP KHDOWK\FKLOGUHQER\V DQG JLUOV DJH UDQJHV EHWZHHQ WR  \HDUV ROG$OO VXEMHFWV KDGQR
KLVWRU\ RI RUWKRSHGLF VXUJHU\7KH H[SHULPHQWV ZHUH FRQGXFWHG XVLQJ 7ULJQR :LUHOHVV 6\VWHPV DQG 6PDUW
6HQVRUV7KH7ULJQR:LUHOHVV(0*6\VWHP LV D KLJKSHUIRUPLQJ GHYLFH GHVLJQHG WRPDNH(0* VLJQDO GHWHFWLRQ
UHOLDEOH DQG HDV\ (DFK (0* VHQVRU KDV D EXLOWLQ WULD[LDO DFFHOHURPHWHU D WUDQVPLVVLRQ UDQJH RI  P DQG D
UHFKDUJHDEOH EDWWHU\ ODVWLQJ D PLQLPXP RI  KRXUV 7KH V\VWHP LV FDSDEOH RI VWUHDPLQJ GDWD WR (0*ZRUNV 
$FTXLVLWLRQDQG$QDO\VLVVRIWZDUHIRUJHQHUDWLQJ(0*VHQVRUVPP[PP[PPDQGDFFHOHURPHWHU
DQDORJ FKDQQHOV IRU LQWHJUDWLRQZLWKPRWLRQ FDSWXUH DQGRWKHU UGSDUW\ GDWD DFTXLVLWLRQ V\VWHPV)XOO WULJJHULQJ
IHDWXUHVIXUWKHUH[SDQGWKHSRVVLELOLW\IRU LQWHJUDWLRQZLWKDGGLWLRQDOPHDVXUHPHQW WHFKQRORJLHV7KHVHQVRUVXVHG
ZHUHFDSDEOHWRUHDFWLQVWDQWDQHRXVO\WRGLVWXUEDQFHVGHWHFWHGRQWKHVXUIDFHRIWKHVNLQ7KH6(0*ZDVSODFHGWR
WKH%LFHSV)HPRULVDQG5HFWXV)HPRULVPXVFOHV7DSHVZHUHXVHG WRSUHYHQW WKHHOHFWURGHVIURPEHLQJGLVSODFHG
IURP WKHLU IL[HG ORFDWLRQ GXULQJ H[SHULPHQW 7KH 6(1,$0 JXLGHOLQHV ZHUH IROORZHG IRU 6(0* HOHFWURGHV
SODFHPHQW DV VKRZQ LQ )LJ  EHORZ )RU%) DQG5)PXVFOHV WKH HOHFWURGH GLVWDQFH LV QRW H[FHHGLQJó RI WKH
PXVFOHILEUHOHQJWK,QWKLVVWXG\HOHFWURGHVKDYHEHHQXVHGWRFDSWXUH(0*VLJQDOVIURP%)DQG5)PXVFOHV7KH
FKLOGUHQZHUH DVNHG WRZDONZLWKRXW DVVLVWDQFH LQQRUPDO SDFH7KHGDWDZLOO EH DFTXLUHG IURP(0*VLJQDOVE\
XVLQJ(0*:RUNV $FTXLVLWLRQ VRIWZDUH $ YLGHR FDPHUDZDV IL[HG DQG V\QFKURQL]HGZLWK WKH(0*:RUNV 
$FTXLVLWLRQ VRIWZDUH VR WKDW WKH WLPH RI YLGHR FDPHUD DQG (0*:RUNV  $FTXLVLWLRQ VRIWZDUH UHFRUGHG
VLPXOWDQHRXVO\ 7KH GHVLUHG VDPSOH UDWH XVHG IRU WKLV UHFRUGLQJ SXUSRVH LV  VDPSOHV SHU VHFRQGZKLFK WKLV
VDPSOHUDWHDFKLHYDEOHE\DOOGHYLFHVXVHGLQWKLVFRQILJXUDWLRQ7KH(0*GDWDIRURQHJDLWF\FOHZLOOEHH[WUDFWHG
DQGWLPHWRFRPSOHWHRQHJDLWF\FOHZLOOEHQRUPDOL]HGDVSHUFHQWDJHRIRQHFRPSOHWHJDLWF\FOH7KHUHIRUHIRUWKLV
VWXG\RQO\(0*VLJQDOVRI%)DQG5)PXVFOHVRQOHIWOHJZLOOEHFRQVLGHUHG





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)LJ(OHFWURGHSODFHPHQWRQVXEMHFWGXULQJH[SHULPHQW


2.2 Data Analysis  

$OOGDWDZHUH LQVSHFWHGIRUDQ\RXWOLHUVXVLQJQRUPDOLW\ WHVW7KHRXWOLHUVZDV WKHQUHPRYHGEHIRUHSURFHHG WR
DQRWKHUDQDO\VLV7KHPHDQFRPSDULVRQWWHVWZHUHSHUIRUPHGXVLQJPHDQPD[LPXPDQGPLQLPXPDPSOLWXGHRI%)
DQG5)IRUERWKJHQGHUV$GGLWLRQDOO\WKHDQDO\VLVZHUHIXUWKHULQVSHFWEDVHGRQWKHGXUDWLRQWDNHQWRFRPSOHWHRQH
JDLWF\FOHIRUERWKJHQGHUV)LJEHORZGHVFULEHV WKHFRPSOH[DFWLYLW\ LQZDONLQJZKLFK LWFRQVLGHU WKHPRWLRQV
IURPLQLWLDOSODFHPHQWRIWKHVXSSRUWLQJKHHORQWKHJURXQGWRZKHQWKHVDPHKHHOFRQWDFWVWKHJURXQGIRUDVHFRQG
WLPH7KHSKDVHRIJDLWFDQEHGLYLGHGLQWRVWDQFHSKDVHDQGVZLQJSKDVH$WRIJDLWF\FOHDUHFRQVLVWRIVWDQFH
SKDVHZKLOHVZLQJSKDVHFRQVLVWRIWKHJDLWF\FOH6WDQFHSKDVHLVGHILQHGDVWKHLQWHUYDOLQZKLFKWKHIRRWLVRQ
WKHJURXQG7KHUHDUHILYHVHFWLRQVLQVWDQFHSKDVHFRQVLVWVRIKHHOFRQWDFWIRRWIODWPLGVWDQFHKHHORIIDQGWRH
RII:KLOHVZLQJSKDVHLVGHILQHGDVWKHSKDVHZKHQDOOIRRWSRUWLRQVDUHLQIRUZDUGPRWLRQ)LQDOO\WKHLQGHSHQGHQW
WWHVWZLOO EH XVHG WR FRPSDUH WKH VLJQLILFDQW RI%) DQG5)PXVFOHV EHWZHHQER\V DQG JLUOV 7KH UHVXOWVZLOO EH
REVHUYHGDQGGLVFXVVHGLQVHFWLRQ













)LJ3KDVHRI*DLW&\FOH


5HVXOWDQG'LVFXVVLRQ

7KLVVHFWLRQZLOOGLVFXVVHVLQGHWDLOUHVXOWVREWDLQHGIURPWKLVVWXG\7DEOHEHORZVKRZVWKHGHPRJUDSKLFGDWD
RIKHDOWK\FKLOGUHQ%RWKJHQGHUVKDYHDOPRVW VLPLODUPHDQRIDJHZKLFK LV\HDUV IRUER\VDQG\HDUV IRU
JLUOVZKLFKWKHPLQLPXPDQGPD[LPXPDJHRIFKLOGUHQLQYROYHGLQWKLVVWXG\LVDQG\HDUVROGUHVSHFWLYHO\,Q
WKLV VWXG\ ER\V KDYH JUHDWHU PHDQ RI KHLJKW DQG ZHLJKW FRPSDUHG WR JLUOV ZKLFK DUH FP DQG NJ
UHVSHFWLYHO\7KH KHLJKW RI ER\V LQYROYHG LQ WKLV VWXG\ LV YDULHV EHWZHHQ FP WR FP WKXV WKH 6WDQGDUG
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'HYLDWLRQ6'IRUER\VKHLJKWVLVKLJKLQGLFDWHWKDWWKHUDQJHVRIGDWDIRUER\VKHLJKWDUHELJJHU7KH6'RI
JLUOVZHLJKWLVRQO\VKRZVWKDWDOOJLUOVLQYROYHGLQWKLVVWXG\KDYHDOPRVWVLPLODUZHLJKW

7DEOH'HPRJUDSKLFGDWDRIKHDOWK\FKLOGUHQ
 $JH\HDUV +HLJKWFP :HLJKWNJ
 0HDQ 6' 0HDQ 6' 0HDQ 6'
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*LUOV       

)LUVWO\ WKHGDWDGLVWULEXWLRQREWDLQHGIURPWKLVVWXG\ZLOOEHFKHFNHGXVLQJQRUPDOLW\ WHVW8SRQH[DPLQHGWKH
GDWDQRUPDOLW\VXEMHFWVER\VDQGJLUOVRXWRIVXEMHFWVZHUHLQYROYHGLQWKLVWHVW$QRWKHUVXEMHFWVZHUH
RPLWWHG IURP DQDO\VLV EHFDXVH WKDW GDWD IDOO RXWVLGH RI WKH UDQJHV H[WUHPH YDOXHV DQG WKLV LV UHSUHVHQW DV WKH
RXWOLHUVRIWKHGDWD)URPWKHQRUPDOLW\WHVWWKHPHDQRI%)DQG5)PXVFOHVEHWZHHQER\VDQGJLUOVZHUHQRUPDOO\
GLVWULEXWHG%DVHGRQWKHUHVXOWVIURPWKHLQGHSHQGHQWWWHVWLWLVVKRZQWKDWWKHUHLVQRVLJQLILFDQWRI(0*VLJQDOV
RFFXUVLQFRQWULEXWLQJWKHGLIIHUHQFHRIJHQGHUVIRUPHDQPD[LPXPDQGPLQLPXPRI(0*VLJQDOVLQ%)DQG5)
PXVFOHVEHFDXVHDOOWKHpYDOXHVDUHJUHDWHUWKDQp!7KLVUHVXOWDOVRFRQILUPHGE\RWKHUUHVHDUFKHUWKDW
WKHUHLVQRVLJQLILFDQWGLIIHUHQFHLQERWK%)DQG5)PXVFOHVEHWZHHQJHQGHUV7DEOHVKRZVWKHPHDQPD[LPXP
PLQLPXPDQGLQGHSHQGHQWWWHVWRI(0*VLJQDOVIURP%)DQG5)PXVFOHVEHWZHHQER\VDQGJLUOV

7DEOH0HDQPD[LPXPPLQLPXPDQG,QGHSHQGHQWWWHVWRI(0*IRU%)DQG5)0XVFOHV
 0HDQǋ9 0D[ǋ9 0LQǋ9
 %) 5) %) 5) %) 5)
0DOH
)HPDOH
     
     
WWHVW      


)LJDDQGEEHORZVKRZWKHPHDQRI(0*VLJQDOVIRUELFHSVIHPRULVDQGUHFWXVIHPRULVPXVFOHVRYHU WKH
VWULGHSHULRGRI ,Q WKLVVWXG\RQO\SKDVHVRI WKHJDLWF\FOHZKLFKDUHPLGVWDQFHSUHVZLQJ
DQGPLGVZLQJDUHFRQVLGHUHG%HWZHHQDQGRIJDLWF\FOHWKH%)PXVFOHZDVLQ
IOH[LRQFRQGLWLRQZKHUH WKH(0*VLJQDOVRI%)PXVFOHLVGHFUHDVH LQERWKER\VDQGJLUOVZKLOH LQUHFWXVIHPRULV
PXVFOHWKH(0*VLJQDOVZDVLQFUHDVHEHFDXVHRIWKHH[WHQVLRQRI5)PXVFOH7KLVUHVXOWVLVDJUHHZLWKUHVXOWVIURP
:LEDZDHWDOZKHUH%)PXVFOHKDVEHHQIRXQGWRKDVOHVVDFWLYLW\EHFDXVHRIWKHDEVHQFHRINQHHRUDQNOHIOH[LRQ
DFWLYLW\DWRIWKHJDLWF\FOH,QWKLVSKDVHWKHIRRWZDVSUHSDUHGIRUWKHVHFRQGKHHOVWULNHDQGVRPHDFWLYLW\
ZLOOVWDUWDJDLQLQDOOPXVFOH
$WRIWKHJDLWF\FOHZKHQWKHWRHRIILQWKHOHIWIRRWZDVRFFXUUHGDWWKHSUHVZLQJSKDVH(0*VLJQDOVIRU
ELFHSV IHPRULV DQG UHFWXV IHPRULV PXVFOHVZHUH LQFUHDVHG WKXV WKH (0* VLJQDOV LQ ERWKPXVFOHV ZHUH H[WHQGHG
DQGEHFRPHDFWLYHLQER\VDQGJLUOV)XUWKHUPRUHLWLVLQWHUHVWLQJWRQRWHWKDWWKH(0*VLJQDOVRI%)PXVFOHLQJLUOV
LVVLJQLILFDQWO\PRUHKLJKHUFRPSDUHGWRER\VDWSUHVZLQJSKDVH7KLVLVFRQVLVWHQWZLWKWKHSUHYLRXVILQGLQJWKDWWKH
GLIIHUHQFHZDONLQJVWUDWHJ\LQJLUOVFDXVHGDQLQFUHDVLQJVWHSOHQJWK+RZHYHUFRQWUDU\ZLWKUHFWXVIHPRULVWKH
(0*VLJQDOVLQER\VLVVLJQLILFDQWO\KLJKHUWKDQJLUOVDWWKLVSKDVHRIJDLWF\FOH
7KH(0*VLJQDOVRIELFHSVIHPRULVPXVFOHZDVGHFUHDVHGDWRIJDLWF\FOHIRUER\VZKLOHWKH(0*VLJQDOVRI
ELFHSV IHPRULV IURP JLUOV JURXS ZDV LQFUHDVHG 'LIIHUHQWO\ ZLWK UHFWXV IHPRULV PXVFOH WKH PXVFOH DFWLYLW\ZDV
H[WHQGHGIRUER\VEXWIRUJLUOVLWZDVIOH[HG,WFDQEHVHHQWKDWWKHUHDUHVLJQLILFDQWGLIIHUHQFHRIELFHSVIHPRULVDQG
UHFWXVIHPRULVPXVFOHVLQER\VDQGJLUOVDWRIJDLWF\FOH





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)LJ0HDQDPSOLWXGHRI(0*VLJQDOVIURP%)DQG5)PXVFOHVIRURQHJDLWF\FOH


8SRQH[DPLQHGWKHGDWDQRUPDOLW\RQO\VXEMHFWVER\VDQGJLUOVRXWRIVXEMHFWVZHUHLQYROYHGLQWKLV
WHVW7KHVWDWLVWLFDODQDO\VLVXVLQJ,QGHSHQGHQWWWHVWVKRZWKDWWKHUHLVVLJQLILFDQWGLIIHUHQFHLQ%)PXVFOHIRUERWK
ER\VDQGJLUOVDWRIWKHJDLWF\FOHSYDOXHLVHTXDOWR7KLVUHVXOWLQGLFDWHVWKDWDWWKHODWHVZLQJRI
WKHJDLWF\FOHWKH%)PXVFOHSOD\VDYLWDOUROHGXULQJZDONLQJLQER\VDQGJLUOVRIKHDOWK\FKLOGUHQ7KHOHQHWDO
VXSSRUWWKLVILQGLQJVLQWKHLUSDSHUWKH\FODLPVWKDWWKH%)PXVFOHLVXQGHUJRLQJOHQJWKHQLQJFRQWUDFWLRQGXULQJODWH
VZLQJDWDERXWRI WKHJDLWF\FOH7KH%)PXVFOHZDVLQIOH[LRQFRQGLWLRQZKLOH5)PXVFOHZDVLQH[WHQVLRQ
DFWLYLW\GXULQJWKHODWHVZLQJ


D%LFHSV)HPRULV
E5HFWXV)HPRULV
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7DEOH,QGHSHQGHQW6DPSOHWWHVWGXULQJRQHJDLWF\FOH
          
%LFHSV
)HPRULV
         
5HFWXV
)HPRULV
         

)LJEHORZVKRZVWKHER[SORWRIELFHSVIHPRULVDQGUHFWXVIHPRULVPXVFOHVLQER\VDQGJLUOVDWDQG
RIRQHJDLWF\FOH7KHUDQJHV IURPWKHER[SORWFRQVLGHUHGDW WKHPLGVWDQFHSKDVHSUHVZLQJDQGPLGVZLQJ
SKDVH7KHUHDUHVHHQWKDWDZLGHUDQJHVRIWKHPHDQRI(0*VLJQDOVIRUWKH%)PXVFOHLQER\VDQGJLUOVDUHDW
DQGRI WKHJDLW F\FOH :KLOH LQ5)PXVFOH LW IRXQG WKHPHDQRI(0*VLJQDOV IRUERWKJHQGHUV DUH DOPRVW
VLPLODUDWDQGRIWKHJDLWF\FOH7KHVH(0*VLJQDOVGLIIHUHQFHVFDQFDXVHGE\QRQQHXURORJLFDOLQ
RULJLQVXFKDVHOHFWURGHSODFHPHQWRUVXEMHFWVFDGHQFH

)LJ%R[SORWRI%)DQG5)PXVFOHVEHWZHHQ*HQGHUV


&RQFOXVLRQ

7KH(0*SDWWHUQRIORZHUOLPEPXVFOHVDPRQJFKLOGUHQDJHGWR\HDUVROGKDVEHHQSUHVHQWHGLQWKLVSDSHU
7ZRPXVFOHV WKDW DUH FRQVLGHUHG LQ WKLV VWXG\ DUH ELFHSV IHPRULV DQG UHFWXV IHPRULV 7KH (0* VLJQDOV LQ ERWK
PXVFOHVZHUHDQDO\]HGXVLQJ,QGHSHQGHQWWWHVW7KHUHVXOWVVKRZWKDWWKHUHLVQRVLJQLILFDQWGLIIHUHQFHLQWKHPHDQRI
(0*VLJQDOVEHWZHHQER\VDQGJLUOVIRUELFHSVIHPRULVDQGUHFWXVIHPRULVPXVFOHV7KHUHLVVLJQLILFDQWGLIIHUHQFHDW
RIRQHJDLWF\FOHLQ%)PXVFOH7KLVVWXG\FRQILUPVWKDWWKHUHLVDQHHGWRLGHQWLI\WKH(0*VLJQDOVSDWWHUQRI
ORZHU OLPEPXVFOHV LQ KHDOWK\ FKLOGUHQ LQ RUGHU WR FKDUDFWHUL]H WKH(0* VLJQDO SDWWHUQ GXULQJZDONLQJ EHWZHHQ
GLIIHUHQFHJHQGHUV,WLVUHFRPPHQGHGWRORRNLQWRRWKHUPXVFOHVLQORZHUOLPEDQGXSSHUOLPEWKDWDIIHFWWKH(0*
SDWWHUQGXULQJZDONLQJLQKHDOWK\FKLOGUHQ

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